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Description 

The invention relates to a hydraulic actuating 
unit, in particular for raising a load, such as a hospi- 
tal bed, comprising a reservoir for hydraulic fluid 
and a hydraulic piston cylinder device, the cylinder 
of the latter having its ends connected to the reser- 
voir through a supply conduit containing a hydraulic 
plunger pump with section and pressure valve 
means and through a return conduit containing an 
orifice and a normally dosed relief valve respec- 
tively, a branch conduit leading to a hydraulic liquid 
accumulator being branched off from said supply 
conduit at a location between the cylinder and the 
pressure valve means, a check valve being provid- 
ed in said supply conduit at a location between the 
branch conduit and said cylinder, while a pressure 
dependent orifice is provided between said check 
valve and said branch conduit to said accumulator. 

Such an actuating unit is known with vertically ad- 
justable hospital beds and is rather inexpensive. 
For raising the bed, e.g. up to the level of an operat- 
ing table, the pump (usually of the single plunger 
type) is manually or foot-operated, so that hydraulic 
fluid is intermittently supplied to the hydraulic cylin- 
der. The accumulator operates as a hydraulic shock 
absorber, and minimizes the shocks at the beginning 
and the end of each pressure stroke of the pump. 

It will be understood, that the supply conduit 1 1 ex- 
tending from the branch location towards the cylin- 
der, and the branch conduit are dimensioned such 
one relative to the other that when actuating the 
unit, the accumulator will be filled up "with priority" 
through the branch conduit. Lowering of the bed will 
take place by causing the relief valve to open, usu- 
ally by means of the foot, so that the hydraulic fluid 
is permitted to flow from the space under the piston 
into the reservoir. 

In case of an increase of the load - e.g. when a 
person is sitting down on the bed of the patient - 
(while the pump is stationary) the check valve will 
prevent from being lowered and hydraulic fluid be- 
ing expelled towards the accumulator. 

A disadvantage of the well-known unit is to be 
seen in that in case of a decrease of the load (e.g. 
when a patient is being lifted from the bed), the ac- 
cumulator will - as a result of the pressure in the 
system being decreased - will supply hydraulic fluid 
to the cylinder and thereby cause an undesired rais- 
ing of the bed. A further disadvantage is to be seen 
in that actuation of the reiiet valve (with the pur- 
pose to lower the bed) will cause the accumulator to 
completely discharge, so that it has to be refilled in 
the process of the next raising procedure. 

It is an object of the present invention to solve 
the problems referred to hereinabove. 

According to the invention this aim is achieved in 
that a multiple pilot operated check valve of the dif- 
ferential type is provided in the branch conduit to- 
wards the accumulator, the largest and smallest end 
faces of the differential spool member being subject 
to the pressure in the branch conduit, while the dif- 
ferential area of th spool member is subject to the 
pressure in a conduit which is branched off from 
the return conduit at a location between the orifice 



and the relief valv , in such a way, that the pres- 
sure in the branch conduit to th accumulat r t nds 
to cause the spool member and thereby the check 
valve to open, whereas the pressure in the second 
5 branch conduit tends to move the spool member into 
the closed position. 

The invention will be hereinafter further de- 
scribed by way of example with reference to the ac- 
companying drawings. 

10 

Fig. 1 is a diagrammatic side view of a hospital 
bed, having the actuating unit according to the in- 
vention incorporated therein and 

Fig. 2 shows the hydraulic circuit diagram of the 
1 5 actuating unit according to the invention. 

The hospital bed shown in Fig. 1 comprises a 
wheeled undercarriage 1, on which the patient sup- 
porting section 2 is vertically adjustably supported 

20 by means of a linkage system 3. For lifting and low- 
ering of the patient supporting section 2 a hydraulic 
actuating unit 4 is provided, which is p'rvotally con- 
nected to the undercarriage 1 at 5 and which has its 
free piston rod end connected to a lever 8 at 7, said 

25 lever being rigidly coupled with the right-hand lever 
arms of the linkage system 3. In the drawing the pa- 
tient supporting section 2 is shown in its raised posi- 
tion in full lines, which position corresponds with the 
extended position of the plunger of the actuating 

30 unit The lowered position represented by broken 
lines corresponds with the retracted position of the 
plunger of the actuating unit 

The actuating unit 5 will be hereinafter further de- 
scribed with reference to the diagram of Rg. 2. 

35 In said hydraulic diagram the piston-cylinder de- 
vice 10 is connected to the pressure side of a hy- 
draulic plunger pump 12 through a supply conduit 1 1 , 
the suction side of the pump being connected to a 
reservoir 13 containing hydraulic fluid. A branch 

40 conduit 14 leads from the supply conduit 11 towards 
a hydraulic fluid accumulator 15. between the piston- 
cylinder device 10 and the branch off location to- 
wards the accumulator 15 a check valve 16 and a 
pressure dependent flow valve 17 are provided in 

45 the supply conduit 11. By means of the latter valve 
the cross-sectional area of the supply conduit 11 
will - as a response to an increase of pressure - be 
restricted to an extent that the ratio between the 
amounts of hydraulic fluid, which are supplied at 

50 each pressure stroke of the pump towards the cylin- 
der and the accumulator respectively, will remain 
merely constant As a consequence of this the ex- 
tent of shock absorbing will be independent of the 
load 

55 An orifice 19 and a normally closed relief valve 
20, which may be opened by hand or foot, are pro- 
vided in a return conduit 18 leading from the cylinder 
10 to the reservoir 13. 
A multiple pilot operated check valve 21 is provid- 

60 ed in the branch conduit 14 towards the accumulator 
15. This check valv is f th differential spool 
type. The larg st operational surface of th differ- 
ential spool 22 (via pilot c ntrol conduit 14') as well 
as the smallest surface f said spool ar subject t 

65 the pressure in the branch conduit 14. The result of 
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the two forces acting upon the two spool surfaces 
tends to move the differ ntial spool 22 to the right 
and thereby cause the proper check valve 23 to 
open. A third pilot control conduit 24 is connected 
to the differential spool, however, which leads from 
the return conduit 18 at a location between said ori- 
fice 19 and said relief valve 20. This pilot control 
valve 24 acts upon the annular spool surface be- 
tween said largest and said smallest spool surfac- 
es. The pressure supplied through said pilot control 
conduit 24 produces a force which, in combination 
with the force acting upon said smallest spool sur- 
face, tends to move the spool 22 to the left and 
thereby cause the check valve 23 to dose. An 
overload valve 25 is connected at a location be- 
tween the valv.e 23 and the accumulator 15, which 
opens if the supply pressure exceeds a certain lev- 
el and allows hydraulic fluid to return to the reser- 
voir 13. Thus this valve provides adequate protec- 
tion against unacceptable high accumulator pres- 
sures. 

The piston-cylinder device 10, the reservoir 13 
and the accumulator 15 are integrated into a com- 
pact unit, making use of a common base portion 27. 
The said base portion accommodates the various 
valves and conduits. 

The actuating unit operates as follows: 

In the starting situation the accumulator pressure 
(e.g. the gas pressure above the liquid in the accu- 
mulator) is assumed to be lower than the supply 
pressure required to displace the piston of the pis- 
ton-cylinder device. 

When, in this situation, the pump 12 is actuated, 
the early pressure strokes will cause the accumula- 
tor to be filled to an extent that the accumulator 
pressure has reached the level required to over- 
come the piston load. Each time during a suction 
stroke of the pump hydraulic fluid will flow from the 
reservoir 13 via the opened suction valve 12a into 
the pumping chamber, which fluid will, during the 
subsequent pressure stroke, flow to the accumula- 
tor via pressure valve 12b, branch conduit 14 and 
check valve 23. 

As soon as the accumulator pressure has 
reached a level matching with the piston load, fur- 
ther actuating of the pump will cause hydraulic fluid 
to be supplied to the cylinder 10 via supply conduit 
11, flow valve 17 and check valve 16. The supply 
pressure will simultaneously act on the largest (at 
the left) and the smallest (at the right) surface of 
the differential spool 22, as a result of which the 
spool 22 will be moved to the right and the check 
valve 23 will be mechanically pushed into its opened 
position. As a result of this there wilt be an open 
connection between the accumulator and the hy- 
draulic cylinder, which open connection will be main- 
tained for a short time upon each pressure stroke, 
during which time a certain amount of fluid is permit- 
ted to flow from the accumulator to the cylinder, 
thereby avoiding shocks. 

In th meantime also th pressure in the pilot con- 
trol conduit 24 will - with a certain delay - increase 
to a level corresponding to that in the supply and 
branch conduits 11, 14, so that the compl te spool 
will become subjected to th same (system) pres- 



sure, as a result of which the check valve 23 will 
close under the action of its return spring and th 
accumulator pressure, which situation will continue 
until - at a following pressure stroke - the pressure 

5 in the supply conduit 1 1 and the branch conduit 1 4 will 
temporarily increase to a level above the system 
pressure, as a result of which the spool 22 and the 
valve 23 will be temporarily kept open. 
Assuming now a decrease of the piston load is 

10 taking place in a stationary position (i.e. in a situa- 
tion in which the patient support section is taking the 
desired position), such decrease being e.g. the re- 
sult of the patient being moved from the support 
section to an operating table, this will not result in 

15 any (undesired) movement of the support section 
because the valve 22, 23 will be kept closed so that 
no supply of liquid from the accumulator 15 can take 
place. Such additional supply of liquid from the ac- 
cumulator will take place only if it is desired, viz. as 

20 soon as a next pressure stroke of the pump is being 
carried out Initiating a next pressure stroke will 
cause the pressure in the supply and branch con- 
duits 11, 14 to increase above the level of the de- 
creased system pressure, so that the spool 22 will 

25 be no lohger in balance and as a consequence of 
this will move to the right, so that fluid is permitted to 
flow from the accumulator 15 towards the cylinder 
10. 

By adjusting the level of the patient support sec- 
30 tion in the lowering direction - by actuation of the re- 
lief valve 20 - an immediate pressure drop will take 
place in the pilot control conduit 24, while the sys- 
tem pressure under the piston will slightly decrease. 
As a result of this the differential spool will be 
35 pushed to the right, thereby tending to cause the 
valve 23 to open, so that liquid from the accumula- 
tor 15 may flow to the cylinder 10. The situation, how- 
ever, will be of a very short duration. For, after a 
slight delay the decreased system pressure will rule 
40 in the branch and pilot control conduits 14, 14', as 
well as in the pilot control conduit 24, which brings 
the differential spool 22 in balance again and caus- 
es the valve 23 and thereby the accumulator to 
close. 

45 When the patient support section is lowered into 
its lowermost position (defined by a mechanical 
stop) will allow the system pressure to drop to zero, 
while the differential spool will remain in balance and 
the valve 23 will be kept closed. 

50 

Claims 

1. Hydraulic actuating unit, in particular for rais- 
ing a load, such as a hospital bed, comprising a res- 

55 ervoir (13) for hydraulic fluid and a hydraulic piston 
cylinder device (10), the cylinder of the latter hav- 
ing its ends connected to the reservoir (13) through 
a supply conduit (11) containing a hydraulic plunger 
pump (12) with suction and pressure valve means 

60 (12a, 12b) and through a return conduit (18) contain- 
ing an riffc (19) and a normally closed relieve 
valve (20) resp ctiv ly, a branch conduit (14) lead- 
ing to a hydraulic liquid accumulator (15) being 
branched off from said supply conduit (1 1) at a loca- 

65 tion betwe n th cylinder (10) and the pressure 
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valve means (12b), a check valve (16) being provid- 
d In said supply conduit at a location betwe n the 
branch conduit (14) and said cylinder (10), while a 
pressure dependent orifice (17) is provided be- 
tween said check valve (16) and said branch conduit 
(14), characterized in that a multiple pilot operated 
check valve (21, 22, 23) of the differential type is 
provided in the branch conduit (14) towards the ac- 
cumulator (15), the largest and smallest end faces of 
the differential spool member (22) being subject to 
the pressure in the branch conduit (14), while the 
differentia! area of the spool member (22) is subject 
to the pressure in a conduit (24), which is branched 
off from the return conduit (18) at a location be- 
tween the orifice (19) and the relief valve (20), in 
such a way, that the pressure in the branch conduit 
(14) to the accumulator (15) tends to cause the spool 
member (22) and thereby the check valve (23) to 
open, whereas the pressure in the second branch 
conduit (24) tends to move the spool member (22) in- 
to the closed position. 

2. Actuating unit according to claim 1, character- 
ized in that the hydraulic piston cylinder device (10), 
the reservoir (13) and the accumulator (15) are built 
together Into a compact unit, making use of a com- 
mon base portion (27), in which the various valves 
and conduits are provided 

Patentanspruche 

1. Hydraullsche Bedienungseinheit, insbesondere 
zum Heben einer Last, zum Beispiel eines Kranken- 
hausbettes, welche Einheit einen Behalter (13) fur 
hydraulische Russigkeit umfasst, eine hydrauli- 
sche Kolben-Zylindervorrichtung (10) deren Zylin- 
der einerseits mittels einer, eine hydraulische Plun- 
gerpumpe (12) mit Saug- und Druckventil (12a, 12b) 
enthaltenden Zufuhrungsleitung (11) und anderer- 
seits mittels einer, eine Querschnittsverengung (19) 
und ein normal geschiossenes Entlastungsventil 
(20) enthaltenden RGckfiussleitung (18), an den 
Behalter (13) angeschlossen ist, wobei von der 
Zufuhrungsleitung (11), an einer Stelle zwischen dem 
Zylinder (10) und dem Druckventil (12b), eine Zweig- 
leitung (14) zu einem hydraulischen Flussigke'rtsak- 
kumulator (15) fuhrt, und in der Zufuhrungsleitung, 
zwischen der Zweigleitung (14) und dem Zylinder 
(10), ein Ruckschlagventil (16) vorgesehen ist, wah- 
rend zwischen dem Ruckschlagventil (16) und der 
Zweigleitung (14) ein druckabhangiges Strdmungs- 
regelventil (17) vorgesehen ist, dadurch gekenn- 
zeichnet, dass in der Zweigleitung (14) zum Akkumu- 
lator (15) ein mehrfach vorgesteuertes RQckschlag- 
ventil (21, 22) vom Differentialtyp vorgesehen ist, 
von welchem Verrtil die grosste und die kleinste 
Oberflachen des Differentialschiebers (22) vom 
Druck in der Zweigleitung (14) beaufschlagt wer- 
den, wahrend die ringformige Oberfl&che des Schie- 
bers (22) vom Druck in einer, von der ROckflusslei- 
tung (18), zwischen der Querschnittsverengung (19) 
und dem Entlastungsventil (20), abgezweigten Steu- 
erleitung (24) beaufschlagt wird, in der W ise, dass 
der Druck in der Zweigleitung (14) zum Akummulator 
(15) den Schieber (22) und dadurch das Ruckschlag- 
ventil (23) zu offnen versucht, wahrend der Druck 



in der zw iten Zweigleitung (24) bestrebt ist, den 
Schi ber (22) in die Schliesslage zu bringen. 

2. Bedienungseinheit nach Anspruch 1, dadurch 
gekennzeichnet dass die Zylindereinheit (10), der 
5 Behalter (1 3) und der Akkumulator (1 5) zu einer kom- 
pakten Einheit zusammengebaut sind, unter Anwen- 
dung eines gemeinsamen Basisteils (27), in welchem 
die Ventile und Leitungen vorgesehen sind. 



10 Revendicatlons 

1. Unite cfactionnement hydraulique, en particu- 
lier pour elever une charge, telle qu'un lit d'hopital, 
comprenant un reservoir (13) pour un fluide hydrau- 

15 lique et un dispositif a cylindre et piston hydraulique 
(10), le cylindre de ce dernier ayant ses extremes 
connectees au reservoir (13) par un conduit d'aii- 
mentation (11) contenant une pompe k plongeur hy- 
draulique (12) avec des moyens formant vannes 

20 d'aspiration et de pression (12a, 12b) et par un con- 
duit de retour (18) contenant un orifice (19) et un de- 
tendeur (20) normalement fermi, respectivement, 
une ramification (14) menant a un accumulateur de li- 
quide hydraulique (15) partant dudit conduit d'alimen- 

25 tation (1 1 )«n un emplacement entre le cylindre (10) et 
le moyen formant vanne de pression (12b), un dapet 
(16) Slant prevu dans iedit conduit ^alimentation en 
un emplacement entre ladite ramification (14) et Iedit 
cylindre (10), tandis qu'un orifice (17) dependant de 

30 la pression est prevu entre iedit clapet (16) et iedit 
conduit en ramification (14), caractSrisee en ce 
qu'un clapet multiple a commande pilote (21, 22, 23) 
du type differentiel est pr§vu dans la ramification 
(14) vers Paccumulateur (15), les plus grande et plus 

35 petite faces extremes dudit organe formant tambour 
differentiel (22) 6tant soumises ci la pression dans 
la ramification (14) tandis que la difference de sur- 
face de Porgane formant tambour (22) est soumise k 
la pression dans un conduit (24), qui part du conduit 

40 de retour (18) en un emplacement entre Porifice (19) 
et le d§tendeur (20) de maniere que la pression dans 
la ramification (14) vers Paccumulateur (15) ait ten- 
dance a forcer Porgane formant tambour (22) et ain- 
si le clapet (23) k s'ouvrir pour qu'ainsi la pression 

45 dans la seconde ramification (24) ait tendance a de- 
placer Porgane formant tambour (22) k la position 
fermee. 

2. Unft6 d'actionnement selon la revendication 1, 
caracteris§e en ce que le dispositif a cylindre et pis- 

50 ton hydraulique (10), le reservoir (13) et Paccumula- 
teur (15) sont construits ensemble en une unite com- 
pacte, en utilisant une portion commune de base 
(27), ou sont prevus les diverses vannes et les di- 
vers conduits. 

55 
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